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The present invention relates generally to internal combustion engine 
performance enhancers and fuel system modification. More specifically, the present 
invention relates to nitrous oxide systems and alternative fuel systems for use with 
multipoint fuel injected engines. 



Background of the Invention 

Over the years, internal combustion engines have evolved into more efficient and 
powerful machines. As part of this evolution, the structures, dynamics, and control 
systems of modern engines have become highly specialized at burning either gasoline 

10 or diesel fuel. Although this evolution has made engines more efficient and has often 
resulted in modest power increases, the resulting engine designs have proven to be 
difficult to modify for specialty purposes using conventional modification techniques 
and devices. There is a need to provide new modification devices and methods that 
may be used with modern engine designs. In particular, there is a need to provide new 

15 ways to adapt engines to operate using additional combustion reactants, such as nitrous 
oxide, and to operate using alternative fuels, such as propane, alcohol, hydrogen, 
compressed natural gas (CNG), liquid natural gas (LNG), and the like. 

Nitrous oxide injection systems are used as performance enhancers to increase 
the power output of engines. Nitrous oxide injection systems generally operate by 

20 introducing a supply of nitrous oxide into the combustion chamber of an internal 

combustion engine, such as common two-stroke, four-stroke, diesel and Wankel rotary 
engines, which may be naturally aspirated or have forced air induction. Nitrous oxide 
contains about 36% by weight of oxygen whereas air contains only about 21% by weight 
of oxygen. The additional oxygen provided by the nitrous oxide when combined with 

25 an additional amount of fuel increases the power output of the engine relative to a 
similar engine using only air and fuel as the combustion reactants. Historically, such 
systems have been used in various applications. Currently, nitrous oxide systems are 
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used in drag racing cars, trucks, motorcycles, snowmobiles, personal watercraft and 
street vehicles. 

Modern nitrous oxide systems may be used with carbureted and fuel injected 
engines. There are two types of nitrous oxide injection system: "wet" systems and 
5 "dry" systems. Wet nitrous oxide injection systems meter (supply) both nitrous oxide 
and fuel to the engine, whereas dry nitrous oxide injection systems meter only nitrous 
oxide to the engine. Dry systems are used mainly in fuel injected engines, and the fuel 
for a dry system is typically provided by the engine's original fuel injectors or 
replacement injectors that may provide a different fuel flow rate than the original 
10 injectors. 

Until recently, nitrous oxide injection systems were typically installed to provide 
nitrous oxide at a central location corresponding to the carburetor or throttle body of 
the engine. Carbureted engines and single-point fuel injected (SPFI) engines typically 
have a single fuel supply or set of fuel supplies located in a central location along the 

15 engine air inlet path. The inlet air in such engines typically passes through a filter, then 
through a carburetor (or throttle body, in the case of SPFI engines) where fuel is 
introduced into the airflow to create a fuel/air mixture. The intake plenums and 
runners on carbureted and SPFI engines are typically designed to convey air and fluid 
to the cylinders. Typically, each runner carries the fuel and air mixture to a respective 

20 cylinder of the engine. The runners are shaped and connected to the plenum to assure 
the delivery of an equal and homogeneous air fuel mixture to each cylinder. The 
fuel/air mixture is divided by the intake plenum (also known as an intake manifold) 
into several different airflows that feed the various engine cylinders. The intake 
plenum is designed to evenly distribute the fuel and air mixture to each cylinder. In 

25 such systems, the nitrous oxide may be supplied centrally much like the fuel, because 
the intake plenum will evenly distribute it to the cylinders along with the conventional 
fuel/air mixture. High HP engine applications use fogger nozzles to assure even fuel 
and nitrous oxide distribution to each of the cylinders. These fogger nozzles carry and 
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mix the nitrous oxide and fuel stream into the induced air stream of the cylinder during 
the engine induction process. 

In recent years, however, engine emissions standards have become stricter, and 
engine manufacturers have responded by producing multipoint fuel injection systems 
5 for almost all modern vehicles. Multipoint fuel injection systems use individual fuel 
injector nozzles located near each cylinder of the engine. Air is provided to each 
cylinder by a highly tuned intake plenum. Although multipoint fuel injection systems 
increase the combustion efficiency of the engine, and provide the potential for increased 
power, they have increased the difficulty of installing a nitrous oxide system on the 

10 engine. The problem stems largely from the "dry" intake plenums used with 

multipoint fuel injected engines. Dry intake plenums are designed to convey air, and 
not liquids, from the engine air inlet to the cylinders. As such, when nitrous oxide and 
fuel are supplied at a central location along the air inlet as they are with carbureted 
engines and single-point fuel injected engines, the fuel may not be evenly distributed to 

15 the cylinders by the dry intake plenums. Such condition causes some cylinders to run 
excessively rich and others excessively lean resulting in backfires in the intake manifold 
and/or engine failure. Other problems may also exist when using a single source of 
nitrous oxide with a modern multipoint fuel injected engine. 

In order to accommodate the proliferation of multipoint fuel injected engines, 
20 nitrous oxide system manufacturers have provided systems that introduce nitrous 
oxide in the proximity of the cylinders. Prior art nitrous injectors use a nitrous oxide 
spray nozzle located near each cylinder's fuel injector. This solution, however, has 
several limitations. Two of the more problematic factors are the intake plenum 
thickness and intake plenum material. Current nitrous oxide systems for multipoint 
25 fuel injected engines are attached to the intake plenum by drilling and tapping threads 
into a hole in the engine's intake plenum (which are typically aluminum, but may be 
other materials, such as plastic or a combination of materials) and threading the nozzle 
into the plenum. Even under the best of circumstances, that is, when the intake plenum 
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is aluminum and thick enough to engage a threaded fastener, the installation process is 
labor intensive and requires removal of the intake plenum to avoid contaminating the 
engine with debris created during the installation. This solution may not be used if the 
intake plenum is either too thin or made from a material that does not lend itself to 

5 accepting threaded fasteners, such as plastic. If the plenum is too thin or made of a 
weaker material such as plastic, then a boss must be welded, ultrasonically bonded or 
glued to the plenum at each spray nozzle location to allow the installation, and the 
intake plenum still must be removed to prevent contamination of the engine. The 
increased use of plastic and combined plastic and aluminum intake plenums has made 

10 these additional steps more often necessary. In addition, plastic plenums are more 
susceptible to damage during a backfire when they have been drilled and reinforced 
with a boss. 

Other problems may also be present when attempting to use a conventional 
nitrous oxide system with a modern multipoint fuel injected engine. For example, the 

15 nitrous oxide spray nozzle must almost certainly be placed in a location that is not ideal 
for injecting fuel into the combustion chamber due to the fact that the original fuel 
injector is likely already in such a location. In addition, it may be difficult or impossible 
to locate the spray nozzle in a position that is ideal for combining the nitrous oxide with 
the fuel and air or for directing the nitrous oxide towards the cylinder intake because of 

20 space limitations within the engine compartment and because the intake plenum may 
be covered or otherwise obstructed by other engine components at the place where it is 
desired to locate the spray nozzle. These spray nozzles also have the tendency to project 
into the runner of the intake manifold restricting the air flow and thus reducing the 
volumetric efficiency of the engine. This is especially true for relatively small engines, 

25 such as those in motorcycles, snowmobiles and personal watercraft. 

In addition to the above noted problems with modifying modern engines to use 
nitrous oxide, modern engine designs pose similar problems to those wishing to modify 
them to operate using alternative fuels. Alternative fuel vehicles use fuels other than 
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those derived from petroleum products, such as: propane, alcohol, hydrogen, blends of 
alcohol and other fuels, compressed natural gas, liquid natural gas, and the like. 

It would be desirable to provide an apparatus that can provide other fuels and 
reactants to the engine. For example, it may be desired to supply air to increase injector 
5 spray atomization, re-circulated exhaust gases to reduce exhaust emissions, or propane 
or compressed natural gas to enhance engine combustion efficiency and/or told 
starting. It may also be desirable to provide alcohol, nitromethane, and diesel fuels to 
the engine. 



10 Summary of the Invention 

The objectives of the present invention may be accomplished by providing a 
nozzle for supplying nitrous oxide and fuel to an internal combustion engine. The 
nozzle has a fuel injector passage, having a central axis and terminating at an outlet, for 
supplying fuel from a fuel injector to the engine. The nozzle also has a first auxiliary 
15 passage or passages, terminating at a first outlet or outlets, for supplying nitrous oxide 
or.other combustion reactants. The nozzle may further have a second auxiliary passage 
or passages, terminating as a second outlet or outlets, for supplying another combustion 
reactant to the engine. 

In one embodiment, the nozzle may be positioned between an engine and its fuel 
20 injectors without substantially modifying the engine. In another embodiment, the 
nozzle may be fitted between a fuel injector and an engine without raising the fuel 
injectors and fuel rails by an excessive distance. 

In one embodiment, the nozzle may also have a diffuser plate, which may be flat 
or have an angled frusto-conical shape, located near the first and second outlets. 

25 In another embodiment, the first and second outlets may be radial outlets. In 

various embodiments, the radial outlets may be rectangular and may be oriented 
helically relative to the central axis. 
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The first and second outlets may be on opposite sides of the fuel injector passage, 
or they may be positioned relative to one another about the central axis by an angle less 
than 180 degrees. 

In still another embodiment, the nozzle may have a number of first auxiliary 
5 passages that are arranged in an annular pattern around the perimeter of the fuel 

injector passage. Furthermore, a number of second auxiliary passages may be provided 
in an annular pattern around the perimeter of the first auxiliary passages. 

In still other embodiments the nozzle may be made of a single piece of material 
having machined or cast passages therethrough, or may be formed from cups and 
10 annular rings that are assembled to one another to form the various passages. In 

another embodiment, a combination of machined or assembled constructions may be 
used to form the nozzle. 

In various embodiments, the present invention may be used to supply various 
fuels and other combustion reactants to an engine. 

15 Additional objects, features and advantages of the preferred embodiments will 

become apparent from the drawings together with the detailed description of the 
preferred embodiments. 

Brief Description of the Drawings 

20 Figure 1 is a cross-sectional view of a preferred fuel injector nozzle embodiment 

of the invention shown installed between a fuel injector and an intake plenum; 

Figure 2 is a cross-sectional view of the interior cup of the fuel injector nozzle of 
Figure V, 

Figure 3A is a front cross-sectional view of the middle cup of the fuel injector 
25 nozzle of Figure 1; 

Figure 3B is a side cross-sectional view of the middle cup of Figure 3A; 
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Figure 4A is a front cross-sectional view of the exterior cup of the fuel injector 
nozzle of Figure 1; 

Figure 4B is a side cross-sectional view of the exterior cup of Figure 4A; 

Figure 5 is an isometric view of an extrusion from which one or more of the cups 
may be fabricated; 

Figure 6 is an isometric view of the middle and exterior cups according to a 
preferred embodiment of the present invention that may be fabricated from the 
extrusion form of Figure 5; 

Figure 7 is a view of the outlet ends of the cups according to a preferred 
embodiment of the present invention showing the passage of fuel and nitrous oxide 
therethrough; 

Figure 8 is a graph showing comparative horsepower and torque of a 
conventional engine and an engine equipped with the invention according to one 
preferred embodiment; 

Figure 9 is an isometric view of a nitrous oxide system installed on an intake 
plenum according to one preferred embodiment of the present invention; 

Figure 10 is an isometric view of an embodiment of the present invention using a 
single boss for both fittings; 

Figure 11 is a side view of the embodiment of Figure 10; 

Figure 12 is an isometric view of an embodiment of the present invention using a 
single boss for both fittings; 

Figure 13 is a side view of the embodiment of Figure 12; 

Figure 14A is an isometric view of a nozzle according to a preferred embodiment 
of the present invention having a "one piece" design; 

Figure 14B is a top view of the nozzle of Figure 14A showing the sectional view 
reference planes for Figures 14C and 14D; 



s 



PATENT 

Attorney Docket No. 54306.000133 

Figure 14C is a cross sectional side view of the nozzle of Figure 14A, as viewed 
from plane A-A as shown in Figure 14B; 

Figure 14D is a cross sectional side view of the nozzle of Figure 14A, as viewed 
from complex plane B-B as shown in Figure 14B, and showing the sectional view 
5 reference plane for Figure 14E; 

Figure 14E is a cross sectional front view of the nozzle of Figure 14A, as viewed 
from complex plane C-C as shown in Figure 14D; 

Figure 15A is a front view of another nozzle according to a preferred 
embodiment of the present invention having a "one piece" design showing the sectional 
10 view reference plane for Figure 15B; 

Figure 15B is a cross sectional bottom view of the nozzle of Figure 15A, as 
viewed from plane A-A of Figure 15A; 

Figure 15C is a top view of the nozzle of Figure 15A showing the sectional view 
reference plane for Figure 15D; 

15 Figure 15D is a cross sectional side view of the nozzle of Figure 15 A, as viewed 

from complex plane B-B of Figure 15C, and showing the sectional view reference plane 
for Figure 15E; 

Figure 15E is a cross sectional front view of the nozzle of Figure 15A, as viewed 
from complex plane C-C as shown in Figure 15D; 

20 Figure 16A is a view of the outlet end of the nozzle of Figure 14A; 

Figure 16B is a view of the outlet end of a nozzle according to another preferred 
embodiment of the invention in which there is no diffuser plate; 

Figure 17 is a cross sectional side view of a nozzle according to another preferred 
embodiment of the present invention; 

25 Figure 18 is a partially cut away view of the outlet end of the nozzle of Figure 

15A; 
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Figure 19A is a view of the outlet end of yet another nozzle according to a 
preferred embodiment of the present invention; 

Figure 19B is a partially cut away side view of the nozzle of Figure 19A; 

Figure 19C is a partially cut away bottom view of the nozzle of Figure 19A; 

5 Figure 20 is a cross sectional side view of another nozzle according to a preferred 

embodiment of the present invention showing a fitting installed therein; 

Figure 21 is a partially cut away and exploded side view of another nozzle 
according to a preferred embodiment of the present invention, showing an interior cup 
cut away along complex reference plane C-C of Figure 22, an annular ring cut away 
10 along complex reference plane D-D of Figure 22, and a receptacle cup cut away along 
plane D-D of Figure 22; 

Figure 22 is a cross sectional bottom view of the interior cup of Figure 21, shown 
from reference plane A-A; 

Figure 23 is a cross sectional bottom view of the annular ring of Figure 21, shown 
15 from reference plane B-B; 

Figure 24 is a cross sectional side view of still another nozzle according to a 
preferred embodiment of the present invention shown in an installed condition 
between a fuel injector and an engine intake; and 

Figure 25 is a bottom view of the nozzle of claim 24, shown uninstalled. 

20 

Detailed Description of the Preferred Embodiments 

The term "engine," as used herein, refers to any type of internal combustion 
engine, such as two- and four-stroke reciprocating piston engines and rotary engines 
(e.g., Wankel-type engines) having one or more cylinders or combustion chambers. 
25 Such engines may be used to propel vehicles, such as automobiles, industrial 

equipment, watercraft and aircraft, and may be used in various stationary applications, 
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such as power generation, pumping, and other industrial uses. Although the present 
invention is particularly suited to provide increased power in automotive applications, 
embodiments of the invention may be used to provide benefits in any other application 
when an intermittent or continuous increase in power output is desired for an internal 
combustion engine. 

As used herein, the term "fuel injector" and "injector" refer to any type of fuel 
injector for supplying fuel into an internal combustion engine. For example, an injector 
may be of the type referred to as a "top feed" injector that may be supplied by Robert 
Bosch Corporation (of Farmington Hills, Michigan), Siemens Automotive (Duluth, 
Georgia), Delphi Automotive Systems (Troy, Michigan), Magneti Marelli SpA (Milan, 
Italy) or Keihin (Tokyo, Japan). The fuel injector also may be a "side feed" injector or 
any other type of injector. The fuel injector also may be a poppet valve, a fuel feed line 
or any other type of distributed injector that receives a fuel supply from a central 
distribution block (such as are found in mechanical fuel injection distribution blocks). 
The fuel injector may be supplied as original equipment on an engine or as a 
replacement part, such as the fuel injectors supplied by Holley Performance Products 
(Bowling Green, Kentucky). It will be understood that the present invention may be 
sized and shaped to operate in conjunction with any of type of fuel injector, or may be 
provided with an adapter to allow operation with any size or shape fuel injector. 

Fuel injectors are typically operated by a control system that operates a 
mechanical, electrical, or electromechanical device to meter fuel according to 
instructions from a control circuit. The fuel injectors may be operated in any useful 
manner, and the present invention may be used with any type of injector, regardless of 
the details of its control system. 

As used herein, the term "combustion reactant" is understood to encompass any 
substance that may be used as part of a chemical combustion reaction (burning), 
including air, oxygen carriers (such as nitrous oxide), and fuels (such as gasoline, diesel 
fuel, natural gas, propane, nitromethane, alcohol, blends of these fuels, and so on). This 
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term also includes substances that may be supplied to retard or limit combustion such 
as water and nitrogen. 

In general terms, the present invention comprises a combustion reactant injection 
nozzle that is designed to be installed into modern multipoint fuel injected engines, 
preferably without substantial modification to the intake plenum or the engine. In 
other embodiments, the nozzle may be installed using conventional techniques, such as 
threading, brazing, bonding, welding and the like. It is generally preferred for the 
nozzle of the present invention to be installed where the engine's fuel injectors are 
originally located, but the nozzle may be installed in other locations. An embodiment 
of the invention comprises a nozzle having a central flow passage and a pair of coaxial 
annular flow passages (i.e., passages circumferentially surrounding the central flow 
passage). The nozzle may be installed between a conventional fuel injector and a 
conventional intake plenum, and in some embodiments with little or no modification to 
the engine. The fuel spray from the fuel injector passes through the central flow 
passage, while nitrous oxide flows through at least one of the annular flow passages, 
while a second flow of nitrous oxide or additional fuel may be supplied through the 
other annular flow passage. In other embodiments, other fuels or combustion reactants 
may flow through the central flow passage and one or both of the annular flow 
passages. 

The flow of the nitrous oxide and additional fuel (or other reactants) may be 
metered to operate in conjunction with the fuel injector in order to provide a temporary 
or a sustained increase in engine power output. This metering function may be 
provided by using any number of control systems. For example, the metering function 
may be provided by the control system originally supplied with the engine, may be 
provided by the original control system after reprogramming, or may be provided by 
an additional control system operating in conjunction with the original system or a 
reprogrammed original control system. 
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In embodiments in which only nitrous oxide is supplied in addition to the fuel 
supplied by the fuel injector, the system may be referred to as a "dry" system. A dry 
system may have multiple stages, each stage corresponding to a different input flow of 
nitrous oxide. The stages may be initiated sequentially, simultaneously or in any other 
5 manner that is desired to provide additional power output. In embodiments in which 
both nitrous oxide and additional fuel are provided through separate coaxial flow 
passages, the system may be referred to as a "wet" system. The flow of nitrous oxide 
and additional fuel in wet systems may be controlled in much the same manner as a dry 
system, or may use any other suitable control system. 

10 Referring now to Figure 1, the present invention generally comprises a nozzle 

100 having three nested fuel cups. An interior cup 200 fits within a middle cup 300, and 
the middle cup 300 fits within an exterior cup 400. The interior cup 200 is shaped to 
receive a fuel injector 102, and the exterior cup 400 is shaped to fit within a standard 
fuel injector receptacle 104 of an engine, such as those typically located in an intake 

15 plenum 106. The fuel injector receptacle 104 is typically located in close proximity to 
the engine intake valves. The present invention may be used with any internal 
combustion engine using a multipoint fuel injection system. 

The fuel injector 102 may be sealed into the interior cup 200 by one or more 
sealing devices 108, such as rubber o-rings, gaskets, or other substantially fuel-tight 

20 seals. Similarly, the exterior cup 400 may be sealed into the fuel injector receptacle 104 
by one or more sealing devices 108. Such sealing devices are known in the art. The fuel 
injector 102 supplies fuel through an injector nozzle 110 located at the tip of the fuel 
injector 102. It should be understood that although a fuel injector is depicted in the 
Figures, this is done only for clarity in describing the embodiments of the invention. 

25 The present invention is not intended to be limited to the use of any particular fuel 
injector, and embodiments of the invention may be adapted to work with any fuel 
injector. 
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Referring now to Figure 2, the interior cup 200 comprises a cylindrical structure 
having a stepped diameter that extends from a first inlet end 202 to a first outlet end 
204. A first receptacle portion 206 is adjacent the first inlet end 202. The first receptacle 
portion 206 has a first inner mating surface 216, which may be shaped to receive a 
number of different types of fuel injectors 102. The first receptacle portion 206 also has 
a first outer mating surface 218 that extends along at least a portion of the first 
receptacle portion 206. The first outer mating surface 218 may be sized to fit within 
and/or against one or both of the middle cup 300 and the exterior cup 400. 

A first outlet portion 208 preferably extends substantially coaxially along the 
cylindrical axis of the interior cup 200 from the first receptacle portion 206 to the first 
outlet end 204. The average diameter of the first outlet portion 208 is less than the 
average outer diameter of the first receptacle portion 206. The first outlet portion 208 
has a first interior surface 212 that may be substantially cylindrical, or may be tapered. 
The first interior surface 212 defines a cylindrical or frustum-shaped central fuel injector 
passage 214 through which fuel from the fuel injector 102 passes to the intake plenum 
106. The first outlet end 204 may be located to be at or near the original location of the 
fuel injector nozzle 110. In a preferred embodiment, the shape and size of the first 
interior surface 212 is adapted to minimize any obstruction to the fuel that flows from 
the fuel injector nozzle 110. 

Fuel blockage caused by fuel from the fuel injector 102 striking the first interior 
surface 212 may degrade the performance of the engine. As fuel exits the fuel injector 
nozzle 110 in a typical conical spray pattern, it may strike a portion of the first interior 
surface 212, thereby interrupting the ideal fuel flow and causing power or torque losses. 
This degradation may be particularly apparent when the engine is operating with the 
present invention installed, but without being provided with the nitrous oxide and 
additional fuel that may be supplied by the present invention. Fuel injectors 102 having 
a narrower spray pattern may be less affected or unaffected by installation in the 
present invention. 
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The amount of fuel blockage caused by the first interior surface 212 may be 
reduced by increasing the central fuel injector passage diameter, and by tapering the 
central fuel injector passage 214 to be larger towards the first outlet end 204. For 
example, the central fuel injector passage 214 may have a diameter of between about 
5 0.080 inches and about 0.150 inches, and may be about 0.104 inches, and may allow 

more than about 80% of the fuel to flow without obstruction. In the case of small engine 
displacement applications, the spray velocity is affected by the large tapered cross- 
section of the flow passage 214, and a smaller cylindrical cross-section may be desired 
and designed for the particular application. The first outlet end 204 may also be 

10 provided with an orifice to contain the fuel charge by means of the surface tension of 
the liquid. The degree to which the central fuel injector passage diameter and the taper 
angle may be increased may be limited by the space constraints of the fuel injector 
receptacle 104 and intake plenum 106, the shapes and sizes of other parts of the 
invention, and by the strength, castability and machinability of the material from which 

15 the interior cup 200 is made. These constraints, and other ways of reducing the amount 
of fuel blockage caused by the first inner wall 212 and improving the fuel flow through 
the central fuel injector passage 214, will be apparent to those skilled in the art based on 
the teachings provided herein. 

The first outlet portion 208 and first receptacle portion 206 also have a first 
20 exterior surface 210, which may have several portions that are substantially cylindrical, 
tapered, radiused, or any combinations thereof. The first exterior surface 210 extends 
from the first outer mating surface 218 to the outlet end 204. In the embodiment of 
Figure 2, the first exterior surface 210 has two cylindrical portions (one in each of the 
first receptacle portion 206 and the first outlet portion 208), and a disk-like portion 
25 joining the cylindrical portions. 

Referring now to Figure 3A, a preferred embodiment of the present invention 
further includes a middle cup 300. The middle cup 300 fits coaxially around the interior 
cup 200. The middle cup 300 has a generally cylindrical structure, having a stepped 
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diameter, that extends from a second inlet end 302 to a second outlet end 304. A second 
receptacle portion 306 is located adjacent the second inlet end 302. The second 
receptacle portion 306 has a second inner mating surface 316 that may be adapted to fit 
against the first outer mating surface 218 of the interior cup 200. The second receptacle 
5 portion 306 also has a second outer mating surface 318 that extends along at least a 
portion of the second receptacle portion 306. The second outer mating surface 318 may 
be sized to fit within and /or against the exterior cup 400. 

A second outlet portion 308 preferably extends substantially coaxially along the 
cylindrical axis of the middle cup 300 from the second receptacle portion 306 to the 
10 second outlet end 304. The average diameter of the second outlet portion 308 is 

preferably less than the average outer diameter of the second receptacle portion 306. 

The second receptacle portion 306 and the second outlet portion 308 have a 
second interior surface 312 that extends from the second inner mating surface 316 to the 
second outlet end 304. In the embodiment depicted in Figure 3A, the second interior 
15 surface 312 has two substantially cylindrical portions (one in the second receptacle 
portion 306 and another in the second outlet portion 308) that are joined by a disk-like 
portion. The second interior surface 312 is designed to generally follow the contour of 
the first exterior surface 210 without contacting it, so that an inner annular passage 314 
(see Figure 1) is formed between the interior cup 200 and the middle cup 300. 

20 The inner annular passage 314 may have any width (as measured by the radial 

distance between the first exterior surface 210 and the second interior surface 312 at the 
second outlet end 304) that is sufficient to provide the desired flow rate and other flow 
properties of the fuel or nitrous oxide passing therethrough. For example, the inner 
annular passage 314 may have a width of between about 0.008 and about 0.030 inches. 

25 In one embodiment the width may be about 0.013 to about 0.014 inches. Other sizes 
may also be desirable. 

The second receptacle portion 306 and the second outlet portion 308 have a 
second exterior surface 310 that extends from the second outer mating surface 318 to the 
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second outlet end 304. In the embodiment depicted in Figure 3A, the second exterior 
surface 310 is substantially parallel with the second interior surface 312, and thus has 
two substantially cylindrical portions (one in the second receptacle portion 306 and 
another in the second outlet portion 308) that are joined by a disk-like portion. 

5 Referring now to Figure 3B, the middle cup 300 may further comprise a middle 

outer sleeve portion 320 that extends between the second outer mating surface 318 and 
the second inlet end 302. The middle outer sleeve portion 320 has an inner annular 
passage inlet 322 through which fuel or nitrous oxide may pass into the inner annular 
passage 314. The inner annular passage inlet 322 may be sized to provide the desired 
10 amount of fuel or nitrous oxide flow. Sizing of the inner annular passage inlet 322 may 

i be accomplished by fabricating the inlet 322 to have a particular diameter 

i 

corresponding with the desired flow rate or rates for the fuel or nitrous oxide operating 
pressure range, or the desired power output of the engine. The inner annular passage 
inlet 322 may also be fabricated to hold permanent or replaceable orifice jets (not 
15 shown), which may be inserted into the inner annular passage inlet 322 to reduce the 
diameter thereof to obtain the desired flow rates. The size of the inner annular passage 
inlet 322 will depend on the details of the system being designed, and one skilled in the 
art will be able to provide suitable fixed or jetted inner annular passage inlets 322 for a 
given application without undue experimentation. 

20 The middle cup 300 may also have a middle cup fitting boss 324 for attaching a 

supply of fuel or nitrous oxide to the inner annular passage inlet 322. The middle cup 
fitting boss 324 may be adapted to receive any suitable hose (see item 326 in Figure 9) or 
fitting (see item 328 in Figure 9). For example, the middle cup fitting boss 324 may be 
threaded and shaped to receive flared end fittings or pipe fittings made from brass, 

25 steel, aluminum or other materials. Exemplary fittings are #3 AN flared fittings and 
1/8" NPT pipe fittings available from Earl's Performance Plumbing, a company 
headquartered in Bowling Green, Kentucky. The selection and use of fittings and hoses 
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to convey nitrous oxide and fuel are known in the art, and a skilled artisan will be able 
to employ a suitable plumbing system without undue experimentation. 

Referring now to Figure 20, the fittings and nozzles are preferably designed such 
that there are no sudden volume changes that allow fluids passing from the fittings to 
5 the nozzles 100 to rapidly expand and change phase. In the embodiment of Figure 20, a 
fitting 2000 is shown installed into a nozzle 2002 of the present invention 2002. The end 
of the nozzle 2000 feeds nitrous oxide (or additional fuel) into a passage 2004. As can be 
seen in Figure 20, a gap 2006 may exist between the end of the fitting 2000 and the 
passage 2004, in which the volume of the enclosure surrounding the nitrous oxide is 

10 greater than the volume within the fitting 2000 and the passage 2004. When the nitrous 
oxide or other fluid passes into this expanded volume, the nitrous oxide may expand 
and change phase (i.e., change from the liquid state into the gas state). To counteract 
this phenomenon, in a preferred embodiment, the fitting 2000 and the nozzle 2002 are 
shaped to minimize the volume change, and to make the volume change as gradual as 

15 possible, such as by providing the outlet edge of the fitting with a tapered section 2008. 
Figure 20 also depicts a typical installation of a replaceable orifice jet fitting 2010 having 
an orifice 2012 in the fitting 2000. 

Referring back to Figure 3B, in a preferred embodiment, the inner annular 
passage inlet 322 is oriented relative to the inner annular passage 314 to obtain ideal 

20 flow of the nitrous oxide or additional fuel passing therethrough. For example, in one 
embodiment, the inner annular passage inlet 322 is angled to project nitrous oxide or 
additional fuel into the inner annular passage 314 at a slight angle towards the second 
outlet end 304. Also in this embodiment, the inner annular passage inlet 322 is oriented 
to project the nitrous oxide or additional fuel tangentially into the inner annular 

25 passage 314. It has been found that this orientation creates a beneficial swirling flow in 
the fluid, and provides a homogeneous mixture to the second outlet end 304. The slight 
downward angle may be restricted, however, by the need to drill the inner annular 
passage inlet 322 without compromising the structure of the nozzle 100, particularly the 
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middle cup fitting boss 324. Thus, the maximum value for this angle may be limited by 
fabrication concerns, as will be understood by those skilled in the art. 

Referring now to Figure 4A, a preferred embodiment of the present invention 
further comprises an exterior cup 400. The exterior cup 400 preferably fits substantially 

5 coaxially around all or part of the middle cup 300. The exterior cup 400 also has a 
generally cylindrical structure, having a stepped diameter, that extends from a third 
inlet end 402 to a third outlet end 404. A third receptacle portion 406 is located adjacent 
the third inlet end 402. The third receptacle portion 406 has a third inner mating surface 
416 that may be adapted to fit against the second outer mating surface 318 of the middle 

10 cup 300. The outer surface of the third receptacle portion 406 comprises an exterior 
outer sleeve portion 420. 

A third outlet portion 408 extends coaxially along the cylindrical axis of the 
exterior cup 400 from the third receptacle portion 406 to the third outlet end 404. The 
average diameter of the third outlet portion 408 is preferably less than the average outer 
15 diameter of the third receptacle portion 406. 

The third receptacle portion 406 and the third outlet portion 408 have a third 
interior surface 412 that extends from the third inner mating surface 416 to the third 
outlet end 404. In the embodiment depicted in Figure 4A, the third interior surface 412 
has two substantially cylindrical portions (one in the third receptacle portion 406 and 
20 another in the third outlet portion 408) that are joined by a disk-like portion. The third 
interior surface 412 is designed to generally follow the contour of the second exterior 
surface 310 without contacting it, so that an outer annular passage 414 (see Figure 1) is 
formed between the middle cup 300 and the exterior cup 400. 

The outer annular passage 414 may have any width (as measured by the radial 
25 distance between the second exterior surface 310 and the third interior surface 412 at the 
third outlet end 404) that is sufficient to provide the desired flow rate and other flow 
properties of the fuel or nitrous oxide passing therethrough. For example, the outer 
annular passage 414 may have a width of between about 0.010 and about 0.045 inches. 
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In one embodiment the width may be about 0.020 to about 0.021 inches. Other sizes 
may also be desirable. 

The third outlet portion 408 has a third exterior surface 410 that extends from the 
exterior outer sleeve portion 420 to the third outlet end 404. The third exterior surface 

5 410 is adapted to fit into the fuel injector receptacle 104 of an engine intake plenum 106. 
The shape of the third exterior surface 410 is preferably designed to allow the nozzle 
100 to be interspersed between the fuel injector 102 and the intake plenum 106 while 
keeping the fuel injector 102 as close to its original position as possible. In a preferred 
embodiment, the third exterior surface 410 may be designed to fit within many different 

10 types of intake plenum 106. Also in a preferred embodiment, the third exterior surface 
410 is designed to fit within a fuel injector receptacle 104 of an engine without 
machining or reinforcing the intake plenum 106 or making any other substantial 
modification to the engine. Although the invention is generally described herein as 
being installed into an intake plenum 106, it will be understood by those in the art that 

15 the present invention may be installed into any fuel injector receptacle 104, regardless of 
whether it is located in the intake plenum 106 or any other part of the engine. 

As can be seen in Figure 4B, the exterior outer sleeve portion 420 has an outer 
annular passage inlet 422 through which fuel or nitrous oxide may pass into the outer 
annular passage 414. The outer annular passage inlet 422 may be sized to provide the 
20 desired amount of fuel or nitrous oxide flow. Sizing of the outer annular passage inlet 
422 may be accomplished in the same manner as sizing of the inner annular passage 
inlet 322; that is, by providing it with a fixed size or a permanent or replaceable orifice 
jet fitting. One skilled in the art will be able to provide suitable fixed or jetted outer 
annular passage inlets 422 for a given application without undue experimentation. 

25 The exterior cup 400 may also have an exterior cup fitting boss 424 for attaching 

a supply of fuel or nitrous oxide to the outer annular passage inlet 422. The exterior 
cup fitting boss 424 may be adapted to receive any suitable hose (see item 426 in Figure 
9) or fitting (see item 428 in Figure 9). The exterior cup fitting boss 424 may be made in 
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substantially the same manner as the middle cup fitting boss 324, as described 
elsewhere herein. 

In a preferred embodiment, the outer annular passage inlet 422 is oriented 
relative to the outer annular passage 414 to obtain ideal flow of the nitrous oxide or 
additional fuel passing therethrough. For example, in one embodiment, the outer 
annular passage inlet 422 is angled to project nitrous oxide or additional fuel into the 
outer annular passage 414 at a slight angle towards the third outlet end 404. Also in this 
embodiment, the outer annular passage inlet 422 is oriented to project the nitrous oxide 
or additional fuel tangentially into the outer annular passage 414. It has been found 
that this orientation creates a beneficial swirling flow in the fluid, and provides a 
homogeneous mixture to the third outlet end 404. The slight downward angle may be 
restricted, however, by the need to drill the outer annular passage inlet 422 without 
compromising the structure of the nozzle 100, particularly the exterior cup fitting boss 
424. Thus, the maximum value for this angle may be limited by fabrication concerns, as 
will be understood by those skilled in the art. 

The interior, middle and exterior cups 200, 300, 400 may be made from any 
suitable material. Suitable materials include those that can withstand the temperatures 
and vibrations of internal combustion engines and engine compartments without 
significant degradation. Exemplary materials for the present embodiment and any 
other embodiment of the present invention include brass, aluminum, steel, magnesium 
and plastic. The materials preferably are easily and economically machined or cast into 
the desired shapes. Metals may, for example, be machined using a 4-axis turning center 
{i.e., computer numerical control (CNC) machining), and plastics may be injection 
molded. Other manufacturing methods include metal injection molding (MIM), 
powder injection molding (PIM) and thixotropic injection molding. Of course, any 
other suitable materials and manufacturing processes may be used to produce 
embodiments of the present invention. 
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Metal embodiments may also be fabricated more economically by starting the 
machining process with extrusions having cross sections that are specially-shaped to 
form the cups. Extrusions, such as the one depicted in Figure 5, may be shaped such 
that the final part requires substantially less machining and wasted material than it 
5 would if it were fabricated from metal provided with a conventional cross section, such 
as round and rectangular bar stock. Such shapes may be said to provide a net-shape 
machining advantage. The extrusion 500 depicted in Figure 5 is an "earlobed" 
extrusion that may be used to more economically machine the middle cup 300 and 
exterior cup 400. The earlobed extrusion 500 comprises a circular portion 502 which 

10 may have a diameter and shape suitable for use as the middle and exterior outer sleeve 
portions 320, 420 of the cups without having to be machined. The extrusion 500 further 
comprises an earlobe portion 504 which may be suitable to form the middle cup fitting 
boss 324 and exterior cup fitting boss 424 with little or no machining. In some cases, the 
extrusion may also have a hole 506 that may require little additional machining to form 

15 the second interior surface 312 and third interior surface 412, however an earlobed 
extrusion may not have a hole therein. Other extrusion shapes may be also be used to 
provide manufacturing advantages. 

Figure 6 shows an embodiment of the present invention that has been partly 
fabricated from an extrusion similar to that shown in Figure 5. In the embodiment of 
20 Figure 6, the middle cup 300 and exterior cup 400 are fabricated from identical 
extrusions (the interior cup 200 is not shown in Figure 6). 

As can be seen most clearly in Figure 1, the interior, middle, and exterior cups 
200, 300, 400 may be nested within one another to form a nozzle 100. The interior cup 
200 is held in place within the middle cup 300 by contact between the first outer mating 
25 surface 218 and the second inner mating surface 316. The middle cup 300 is held in 
place within the exterior cup 400 by contact between the second outer mating surface 
318 and the third inner mating surface 416. The interior cup 200, middle cup 300, and 
- exterior cup 400 may be press fit together to have an interference or friction fit that will 
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not separate during normal use, or they may be attached to one another by bonding 
with high-strength and high-temperature epoxies or glues, welding, or any other 
suitable method. For example, in an embodiment in which the cups are made from • 
plastic, the cups may be press fit, ultrasonically welded, or adhesively bonded to one 
5 another. Metal embodiments may be brazed, laser welded, micro-arc TIG 

(tungsten /inert gas) welded, and the like. Other assembly methods will be apparent to 
those skilled in the art with reference to the teachings herein. 

Although the connection between the first outer mating surface 218 and second 
inner mating surface 316 and the second outer mating surface 318 and third inner 
10 mating surface 416 may be sufficient to hold the three cups rigidly in place, it may also 
be desirable to supplement the hold provided by these surfaces. 

Referring now to Figure 7, there is shown an embodiment of the invention in 
which the middle cup 300 and exterior cup 400 have been provided with additional 
structures to hold them in place at their respective outlet ends relative to one another. 

15 Figure 7 is a view of the outlet ends of an embodiment of the present invention, shown 
as assembled. The first outlet end 204 of the interior cup 200 is shown protruding 
slightly from the second outlet end 304 of the middle cup 300, which, in turn, is 
protruding slightly from the third outlet end 404 of the exterior cup 400. The first outlet 
end 204 has a circumferential edge 230 that is substantially flat in a plane perpendicular 

20 to the interior cup's cylindrical axis. The edge 230 may be sharp, so that it encourages 
shearing of the fuel exiting the inner cup 200. The second outlet end 304 is provided 
with a number of middle cup fingers 330 that extend radially from the second interior 
surface 312 to the first exterior surface 210 and hold the middle cup 300 in place relative 
to the interior cup 200. The third outlet end 404 is provided with a number of exterior 

25 cup fingers 430 that extend radially from the second interior surface 312 to the first 
exterior surface 210, and hold the exterior cup 400 in place relative to the middle cup 
300. Nitrous oxide or fuel passes from the inner and outer annular passages 314, 414, 
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between the fingers 330, 430, and eventually into the airstream moving to the engine 
intake valves. The path of the fuel and nitrous oxide is indicated by arrows in Figure 7. 

Improved engine performance can typically be obtained by increasing the degree 
to which the fuel and nitrous oxide is atomized and mixed (homogenized). The nozzle 
5 100 preferably provides a low penetrating, diffuse, and highly atomized spray of mixed 
nitrous oxide and fuel. This spray pattern also helps prevent the nitrous oxide and fuel 
combination from rebounding back into the intake plenum when the intake valve is 
closed. The coaxial flow pattern of the nitrous oxide and additional fuel (if any) of the 
present invention may also be tuned to encourage improved atomization of the fuel 

10 metered through the fuel injector 102. In operation, fuel metered through the fuel 

injector 102 passes through the central fuel injector passage 214. At approximately the 
same time, nitrous oxide passing through the inner and outer annular passages 314, 414 
is throttled out of the second and third outlet ends 304, 404 of the nozzle 100. The 
pressurized nitrous oxide, originally in a liquid state, flashes into a gaseous state upon 

15 being throttled out of the nozzle 100. As the fuel from the fuel injector 102 passes the 
first outlet end 204 of the nozzle, it is sheared off by the expanding nitrous oxide plume 
emitted from the inner and outer annular passages 314, 414, enhancing the fuel 
atomization. In embodiments in which additional fuel is provided through the nozzle 
100 (wet systems), the additional fuel is preferably metered through the inner annular 

20 passage 214, so that when the additional fuel exits the inner annular passage it is also 
sheared off by the expanding nitrous oxide plume. 

The inner and outer annular passages 314, 414 and the first, second, and third 
outlet ends 204, 304, 404 may be designed to provide optimal flow and atomization, 
such as by being shaped to avoid premature phase changes in the fluids and to generate 
25 a highly diffuse, low inertia, gaseous nitrous oxide spray plume. For example, in the 
embodiment depicted in Figure 7, the inner and outer annular passages 314, 414 may 
have smooth walls to avoid unwanted phase changes, and the interior surfaces of the 
second and third outlet ends 304, 404 are provided with castellations 332, 432 that 
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promote the mixture of the fuel, air, and nitrous oxide. It has been found that 
castellations 332, 432 having square cut sides, such as those in Figure 7, provide 
improved fuel atomization and homogenization, particularly in relatively low-revving 
engines. The castellations generate a flow condition, sometimes referred to as " tumble 
5 flow, 7/ that is created when the nitrous oxide and fuel mixture collapses after leaving the 
nozzle 100. This collapsing action occurs when fluids are drawn towards a low 
pressure region within a high pressure conical flow, and is often referred to as the 
Coanda effect. 

In other embodiments designed for relatively high-revving engines, the 
10 castellations 332, 432 may be manipulated to generate what is sometimes referred to as 
"swirl flow." Swirl flow creates an annular hollow spray plume that carries the highly 
atomized and homogenized nitrous oxide and fuel mixture along the intake to the 
valves. Swirl flow may be encouraged by offsetting and angling the castellations 332, 
432. 

15 The second and third outlet castellations 332, 432 may be any size suitable to 

provide the desired tumble, swirl, or other flow conditions. In an embodiment 
designed to generate tumble flow, for example, the second outlet castellations 332 may 
have a width of between about 0.020 and about 0.100 inches and a depth (distance from 
the second outlet end 304) of between about 0.010 and about 0.040 inches. Also in this 

20 embodiment, the third outlet castellations 432 may have a width of between about 0.050 
and about 0.150 inches and a depth (distance from the third outlet end 404) of between 
about 0.010 and about 0.060 inches. 

Additional measures may be taken to promote swirl or tumble flow conditions, 
such as contouring the first and second exterior surfaces 210, 310 and second and third 
25 interior surfaces 312, 412 to contour the inner and outer annular passages 314, 414. For 
example, the annular passages may be provided with counter-rotating helical ridges to^ 
promote counter-rotating swirl flow. The fingers 330, 430 may also cooperate with the 
castellations 332, 432 to promote swirl and tumble flow. Other shapes may also be 
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made in any of the first, second, and third outlet ends 204, 304, 404 to promote mixture 
of the nitrous oxide, fuel and air, and other variations will be apparent to those skilled 
in the art with reference to the teachings herein, and are within the scope of this 
invention. For example, an embodiment of the invention may be constructed having no 
5 castellations 332, 432 or fingers 330, 430. The foregoing explanation of how the present 
invention operates is exemplary only, and the present invention is not intended to be 
limited to any particular theory of operation. 

In both tumble flow and swirl flow applications, fuel "choke-off" may occur if 
the nitrous oxide plume is allowed to encroach too greatly on the central fuel injector 

10 passage 214 (and any annular passage 314 conveying additional fuel in wet systems). 
Choke-off occurs when a relatively high pressure nitrous oxide plume obstructs the 
flow of relatively low pressure fuel. It has been found that choke-off may be reduced or 
eliminated by staggering the outlet ends 204, 304, 404. As can be seen in Figure 7, the 
first outlet end 204 preferably protrudes farther from the nozzle 100 than the second 

15 outlet end 304, and the second outlet end 304 preferably protrudes farther than the third 
outlet end 404. The proper amount of stagger may vary between applications. For 
example, a stagger distance between successive outlet ends of about 0.010 to about 0.100 
inches may provide a useful reduction in choke-off. It has been found that a stagger 
distance between successive outlet ends of about 0.050 inches is useful in some 

20 applications. 

This staggered relationship prevents the nitrous oxide plume from encroaching 
too greatly upon the fuel supplies, thereby reducing choke-off. In addition, it has been 
found that indexing the castellations 332, 432 (i.e., staggering the castellations 332, 432 
around the circumference of the nozzle 100) reduces choke-off, and may eliminate it 
25 altogether. For example, the embodiment of Figure 7 uses indexed castellations 332, 432 
that are staggered about the circumference of the nozzle 100. The fingers 330, 430 may 
also help reduce choke-off by blocking a portion of the flow at each finger 330, 430. 
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The staggered relationship between the first, second, and third outlet ends 204, 
304, 404 may also be necessary or desirable to allow the nozzle 100 to be fitted into 
various types of fuel injector receptacle. Such a nozzle 100 may be fitted into engines 
produced by various manufacturers and engines intended to be used with various 
5 different types of fuel injector 102. 

The additional atomization and flow characteristics provided by the present 
invention are advantageous over conventional nitrous oxide systems, and may provide 
increased power output and efficiency with a reduced likelihood of damage to the 
engine and a reduced need for modifying the engine. Conventional nitrous oxide 

10 systems in multipoint fuel injected engines typically do not provide a significant 

increase in the atomization of the fuel metered through the original fuel injector because 
conventional nitrous oxide nozzles can not be placed in the intake plenum such that 
they are aimed towards the tip of the fuel injector. Furthermore, conventional nitrous 
oxide systems used with MPFI engines can not be adapted to provide tumble flow and 

15 swirl flow and to prevent fuel choke-off with the same degree and ease of control as the 
present invention. 

The performance improvements provided by the present invention will depend 
on the above factors, such as providing improved flow and reduced choke-off, and also 
upon the amount of fuel and nitrous oxide that are provided to the engine. In 

20 embodiments of the invention in which both the inner and outer annular passages 314, 
414 are used to convey nitrous oxide (dry systems), the increase in power output may 
be limited by the ability of the fuel pump to deliver fuel to the engine. In wet systems 
(in which one of the annular passages meters additional fuel into the engine), the 
increase in power output may be limited only by the structural integrity of the engine. 

25 The amount of additional fuel (if any) and nitrous oxide provided to the engine will 

depend on the sizes of the inner and outer annular passage inlets 322, 432, the inner and 
outer annular passages 314, 414, the fingers 330, 430, the castellations 332, 432, and other 
factors that will be apparent to those skilled in the art with reference to the teachings 
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herein. The amount and proportions of fuel and nitrous oxide provided by the present 
invention will also depend on the fuel and nitrous oxide pressures and the metering 
capabilities of the nitrous oxide system. 

In one exemplary application, a nozzle 100 of the present invention was adapted 
5 to operate with a 1999 Mustang GT ('99 Mustang), available from Ford Motor 

Company, headquartered in Dearborn, Michigan. The '99 Mustang engine was a 4.6 
liter single overhead cam design. A preferred embodiment of the present invention was 
installed between each fuel injector 102 and the intake plenum of the '99 Mustang. The 
fuel injectors 102 were the original Denso F1ZE-C2A fuel injectors provided with the '99 
10 Mustang. The embodiments were operated as a wet system, wherein additional fuel 
was provided through the inner annular passage 314 and nitrous oxide was provided 
through the outer annular passage 414. 

The system, as installed in all eight fuel injector positions, each comprised a 
substantially identical brass nozzle 100. Each nozzle 100 had a central fuel injector 

15 passage minimum diameter of about 0.104 inches that opened at a taper angle of 2 

degrees to the first outlet end 204, which was located about 0.690 inches from the of the 
fuel injector tip 110. Each nozzle's inner annular passage 314 had a width of about 0.013 
to about 0.014 inches. The castellated second outlet end 304 was staggered about 0.050 
inches back from the first outlet end 204. Each of the six, evenly-spaced casteilations 

20 332 was about 0.060 inches wide and extended about 0.024 inches from the second 

outlet end 304. Each nozzle's outer annular passage 414 had a width of about 0.020 to 
about 0.021 inches. The castellated third outlet end 404 was staggered about 0.050 
inches back from the second outlet end 304. Each of the six, evenly-spaced casteilations 
432 was approximately 0.094 inches wide and extended about 0.030 inches from the 

25 third outlet end 404. 

The fuel flow rate of the original fuel injector 102 was about 19 pounds per hour 
(pph). Supplemental fuel was provided through the inner annular passage 314 at 43 
pounds per square inch (psi), and at a flow rate of about 10 pph through a 0.012 inch 
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orifice jet. Nitrous oxide was provided through the outer annular passage 414 at 950 
psi, and at a flow rate of about 98 pph through a 0.018 inch orifice jet. 

The '99 Mustang was operated on a chassis dynamometer that measured the 
power and torque output at the driven rear wheels of the automobile. Friction losses 
5 through the drivetrain of the '99 Mustang were estimated at about 20% to 25%. Several 
tests were run, and the results of a typical dynamometer test are shown in Figure 8. The 
dynamometer tests indicated that the above-described exemplary embodiment of the 
present invention provided a power increase of about 85 hp, and a torque increase of 
about 100 ft-lbf, both of which were present throughout the engine's range of operating 
10 speeds. These increases translated to a performance increase of about 38% to about 
45%. After discounting drivetrain friction losses, the exemplary embodiment of the 
present invention provided a power increase of about 100 hp, and a torque increase of 
about 125 ft-lbf. 

The dimensions of the various parts of the present invention may ultimately be 
15 constrained by several considerations, including: the strength and machinability or 
castability of the material, the size of the fuel injector 102, the size of the fuel injector 
receptacle 104 in the intake plenum 106 (or other structure into which the nozzle is to be 
inserted), and the amount of room available in the engine or engine compartment. It 
has been found that the shape of the embodiment of Figure 1 (two cylindrical portions, 
20 one having a larger diameter than the other, that are joined by a perpendicular disk-like 
portion) allows the overall size of the nozzle 100 to be reduced and places the fuel 
injector nozzle 110 close to the position it would be in if the present invention were not 
installed. In other embodiments, in which there may be ample space to install the 
present invention, the nozzle 100 may have other configurations, as will be apparent to 
25 those skilled in the art with reference to the present invention. 

Referring now to Figure 9, an embodiment of the present invention has also been 
adapted to operate within the confines of an engine compartment without modifying 
the intake plenum 106 or the engine compartment environment. Figure 9 shows eight 
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identical nozzles 100 of the present invention installed on a LSI (Corvette) engine, 
available from General Motors Corporation, headquartered in Detroit, Michigan. The 
nozzles 100 are installed between the eight original factory fuel injectors 102 and the 
intake plenum 900. Fuel rails 902 are attached to the fuel injectors 102 to supply fuel to 
5 the fuel injectors 102. Each nozzle 100 is connected to a two channel distribution block 
904 by tubes, pipes or hoses. Each channel of the distribution block 904 provides a 
separate passage for fuel or nitrous oxide, and each channel is adapted to be fluid- and 
air-tight. A first set of hoses 326 connects the first channel of the distribution block 904 
to each of the middle cup fitting bosses 324 (and thus to the inner annular passage inlets 

10 322). An orifice jet may be positioned within the middle cup fitting bosses 324, or 
within the middle cup fittings 328. A second set of hoses 426 connects the second 
channel of the distribution block 904 to each of the exterior cup fitting bosses 424 (and 
thus to the outer annular passage inlets 422). Orifice jets may be located within the 
exterior cup fitting bosses 424 or within the exterior cup fittings 428. The configuration 

15 of Figure 9 may be adapted to work with wet nitrous systems and dry nitrous systems. 
In a wet system, the first channel of the distribution block 904 is provided with 
additional fuel through the first channel inlet 906, and the second channel is provided 
with nitrous oxide through the second channel inlet 908. In a dry system, both channels 
are provided with nitrous oxide. 

20 The assembly shown in Figure 9 demonstrates how the installation of the nozzles 

100 of the present invention may raise the fuel injectors 102 and the fuel injector rails 
902 away from their original position, thereby raising the "stack height" of the injector 
rails 902. In many MPFI engines, the engine or engine compartment (i.e., engine 
accessories and the hood) are designed to be as compact as possible, particularly in the 

25 area around the fuel rails 902, which normally sit relatively high on the engine. 

Government safety regulations, industry standards and safety concerns may dictate that 
the fuel rails 902 be located a certain distance from the hood of the automobile or other 
objects. Where space constraints and regulations apply, it may be preferable to provide 
nozzles 100 that add as little stack height as possible. 
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In one preferred embodiment of the invention, the nozzles 100 may be designed 
to provide the benefits of the present invention, while only raising the stack height of 
the fuel rails 902 and injectors 102 by about 0.25 inches to about 1.25 inches. In the LSI 
engine application depicted in Figure 9 the nitrous oxide assembly is configured using 
5 an embodiment of the present invention as depicted in Figure 6. In the LSI application, 
the stack height of the fuel rails 902 and injectors 102 is increased by about 0.625 inches, 
keeping them within government regulations and industry standards. 

The present invention preferably may be installed without making substantial 
modifications to the engine. A nozzle constructed according to a preferred embodiment 

10 of the present invention may be installed by removing the fuel injectors from the 

engine's fuel injector receptacles, installing the nozzles in the fuel injector receptacles, 
and installing the fuel injectors into the nozzles. Once installed, a standard nitrous 
oxide system may be attached to the nozzles in a conventional manner. No machining 
is required to install the nozzles, so the intake plenum or other parts of the engine do 

15 not have to be removed to prevent contamination of the engine. In some cases, such as 
the '99 Mustang and '00 Mustang applications described previously, the fuel rails 902 or 
other components have mounting brackets that may have to be modified to account for 
the additional stack height caused by the insertion of the nozzles. For example, in the 
'99 Mustang and '00 Mustang applications, the fuel rails 902 were raised by about 0.60 

20 inches to install the nozzles 100. This modification may typically be done by using a 
simple spacing block between the mounting brackets and their original mounting 
position. Such spacing blocks may be provided in a kit in which an embodiment of the 
present invention is sold. 

When designing an embodiment of the present invention for a particular 
25 application, the factors discussed herein and other factors (e.g., desired performance 

improvement, fluid flow rates, physical limitations of the materials, physical constraints 
of the installation environment, and so on) should be balanced to create a suitable 
nozzle 100. One skilled in the art will be able to calculate or otherwise determine the 



31 



V PATENT 

Attorney Docket No. 54306.000133 

proper dimensions for a nozzle 100 of the present invention for a given application 
based on the teachings herein. 

Although the embodiments herein have been described with reference to a three- 
cupped design having separate bosses and annular passage inlets on two of the three 
5 cups, in other embodiments, a single cup may have both annular passage inlets in it. In 
such an embodiment, a single cup may be equipped with a boss having both inlets, and 
fittings may be attached to that cup. Examples of such embodiments are depicted in 
Figures 10,11,12, and 13. 

Figures 10 and 11 are isometric and side views, respectively, of an alternative 
10 embodiment of the present invention in which both the inner annular passage inlet 322 
and the outer annular passage inlet 422 are provided through a single boss 1002 
associated with the outer cup 400. In this embodiment, the inner cup 200 forms a 
portion of the outer surface of the nozzle 100. 

Figures 12 and 13 are isometric and side views, respectively, of another 
15 alternative embodiment of the present invention in which both the inner annular 

passage inlet 322 and the outer annular passage inlet 422 are provided through a single 
boss 1202 associated with the outer cup 400. In this embodiment, the outer cup 400 
forms the entire outer surface of the nozzle. In this embodiment, the boss 1202 is angled 
to allow the inner annular passage inlet fitting 1204 and outer annular passage inlet 
20 fitting 1206 to be positioned at an angle relative to the axis of the nozzle, providing 

simpler or more compact installation in some applications. Also in this embodiment, a 
portion of the third exterior surface 410 is tapered to allow the nozzle 100 to be fitted 
more securely, compactly, or both into a fuel injector receptacle 104. 

A further use for the present invention is to provide alternative fuels to power 
25 the engine or to supplement the flow of conventional fuels. An embodiment of the 
invention may be adapted to have alternative fuels, such as propane, alcohol, alcohol 
blended with other fuels, compressed and liquid natural gas and the like, flow through 
one, both, or all three passages. Alternative fuels may be used to provide a cheaper, 
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more efficient, cleaner, or otherwise desirable source of energy to internal combustion 
engines. Other alternative fuels, such as alcohol and alcohol blends, may also be useful 
for providing more powerful engines. 

In recent years, some automobile manufacturers have produced engines 
5 designed specifically for using alternative fuel vehicles, but there is still a need to adapt 
conventional gasoline engines to use alternative fuel vehicles. In some cases it may be 
desirable to convert a conventional engine to run on alternative fuels at all times 
(dedicated engines), in which case the original fuel injectors may be discarded entirely. 
In other cases, it may be desirable to operate the vehicle on conventional fuels at some 
10 times and alternative fuels at other times (a hybrid engine). Hybrid engines are 

particularly useful if the alternative fuel source is only locally available, and longer trips 
are required of the vehicle. The present invention provides a convenient and effective 
way to provide alternative fuel to both dedicated and hybrid alternative fuel engines. 

In an embodiment adapted for use with a dedicated alternative fuel engine, the 
15 conventional fuel injector may be replaced by an alternative fuel supply to supply fuel 
through the central fuel injector passage 214, and additional alternative fuels may be 
supplied through one or both of the annular passages 314, 414. Nitrous oxide may also 
be provided with the alternative fuels. 

In an embodiment of the invention adapted for use with a hybrid alternative fuel 
20 engine, the various passages may be adapted to provide different fuels to the engine. 
For example, the conventional fuel system may be retained and a conventional fuel 
injector 102 may be used to provide gasoline through the central fuel injector passage 
214, while propane or compressed natural gas is supplied to one or both of the annular 
passages. Another alternative fuel or other reactant, like nitrous oxide, may be supplied 
25 to the third passage. In such an embodiment, gasoline may be used to power the engine 
at some times, and at other times the alternative fuel or fuels may be used to power the 
engine. In some cases, an alternative fuel may be used simultaneously with 
conventional fuels or other alternative fuels or combustion reactants. 
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Referring now generally to Figures 14A through 14E, and 15A through 15E, other 
preferred embodiments of the present invention may comprise, in general terms, a 
nozzle having a fuel injector passage 1414 and first and second auxiliary passages 1401, 
1402 located proximal to the fuel injector passage 1414. In these embodiments the first 
5 and second auxiliary passages preferably are not coaxially arranged around the fuel 
injector passage 1414. The first auxiliary passage terminates at a first outlet 1411 and 
the second auxiliary passage terminates at a second outlet 1412, both of which are 
arranged to feed in the vicinity of the fuel injector outlet 1404. 

These embodiments do not use annular or coaxial passages to supply the nitrous 
10 oxide and additional fuel, and so they may be fabricated differently than embodiments 
having such passages. For example, an embodiment using auxiliary passages rather 
than annular passages may be machined from a single piece of material, or cast as a 
single piece, that requires little or no additional assembly with other pieces prior to 
installation in an engine. For this reason, these embodiments are referred to herein as 
15 "one piece" embodiments. 

In one piece embodiments, the first and second auxiliary passages may be 
arranged to be fed from a single fitting boss 1424 that may be adapted to receive any 
suitable type of fitting in a manner similar to the embodiments of Figures 10 and 12. 
For example, the fitting boss 1424 may be drilled and tapped or cast to form first and 

20 second fitting receptacles 1421, 1422 that receive threaded fittings. Examples of suitable 
fittings have been provided elsewhere herein. The fitting boss 1424 may be shaped or 
angled to allow convenient access to the fittings when the nozzle is installed. It may 
also be desirable to have two separate fitting bosses 1424, for example, on opposite sides 
of the nozzle, to accommodate certain engine designs or to allow the first and second 

25 auxiliary passages 1401, 1402 to be oriented in a particular manner. 

As with other embodiments, the receptacle end 1406 of a one piece embodiment 
may be fabricated to receive various types of fuel injector 102, and the output end 1408 
may be fashioned to fit within the fuel injector receptacles 104 of one or more engine 
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types. In operation, the fuel spray from the fuel injector 102 passes through the fuel 
injector passage 1414, while nitrous oxide flows through the first auxiliary passages 
1401. A second flow of nitrous oxide or a flow of additional fuel may be supplied 
through the second auxiliary passage 1402. Naturally, the flows through the first and 
5 second auxiliary passages 1401, 1402 may be transposed. In other embodiments, other 
fuels or combustion reactants may flow through the fuel injector passage and one or 
both of the auxiliary passages, as described elsewhere herein. 

As with other embodiments described herein, a one piece embodiment 
preferably may be installed between a conventional fuel injector 102 and the fuel 
10 injector receptacle 104 of an engine with little or no modification to the engine and 

without raising the injectors 102 and fuel rail 902 by such a distance that the installation 
requires substantial modification to the engine or engine compartment. For example, 
an embodiment of the present invention may raise the fuel injectors 102 and fuel rails 
902 by no more than about 0.500 inches. 

15 The fuel injector passage 1414 of a one piece embodiment may be tapered to be 

larger at the fuel injector outlet 1404. The fuel injector passage may have a diameter 
that varies from about 0.035 inches to about 0.200 inches, and more preferably from 
about 0.075 inches to about 0.116 inches. The first and second auxiliary passages 1401, 
1402 may have diameters at their respective outlets 1411, 1412 of about 0.025 inches to 

20 about 0.075 inches, and more preferably of about 0.050 inches. The first auxiliary 

passage 1401 may have a different size than the second auxiliary passage 1402. It will 
be understood by those skilled in the art that sizes other than those described above 
may be selected for the fuel injector passage 1414 and the first and second auxiliary 
passages 1401, 1402, depending on the particular application and the desired flow 

25 amount through each passage. The location and design of the fuel injector passage 1414 
and the first and second outlets 1411, 1412 may also be selected to encourage 
atomization of the fuel and homogenization of the fuel/nitrous mixture, and may be 
selected to produce tumble flow, swirl flow or other flow types. 
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Referring now to Figure 16A, there is shown the output end of the one piece 
embodiment of Figures 14A through 14E. In this embodiment, the outlets 1411, 1412 
open approximately parallel with the central axis 1450 of the fuel injector passage 1414 
(i.e., preferably within about 10 degrees of parallel), thereby directing the nitrous oxide 
5 and additional fuel (if supplied) generally in the same direction as a flow of fuel from 
the fuel injector 102 exiting from the injector outlet 1404. In a preferred embodiment, a 
diffuser plate 1405 is positioned proximal to the first and second outlets 1411, 1412 to at 
least partially interfere with the flow of nitrous oxide and additional fuel. Diffuser 
plates 1405 may also be used with non-parallel outlets 1411, 1412. The flows of nitrous 

10 oxide and fuel may have a relatively uniform flow pattern as they exit the first and 
second outlets 1411, 1412. When the flows of nitrous oxide and additional fuel strike 
the diffuser plate 1405, they are deflected and diffused, thereby encouraging 
atomization of the additional fuel and homogenization of the nitrous oxide/fuel 
mixture. The diffuser plate 1405 may also encourage tumble flow as the flows of 

15 additional fuel and nitrous oxide turn back towards the injector outlet 1404. A further 
benefit of the diffuser plate 1405 is that it may also help to prevent choke-off by 
preventing the high pressure flow or flows of nitrous oxide from directly impinging on 
the injector outlet 1404. It will be understood, however, that it is not necessary to 
provide a diffuser plate 1504 in all embodiments of the present invention, and Figure 

20. 16B desmonstrates an embodiment of the present invention that omits the diffuser plate 
1504. 

The diffuser plate 1405 may be fabricated with various shapes to promote 
improved performance. In the embodiment shown in Figure 14A-14E, the diffuser plate 
1405 is disk-shaped, and extends orthogonal to the central axis 1450. In other 
25 embodiments, shown in Figure 17, the diffuser plate 1405 may be angled relative to the 
central axis 1450 by an angle of Od to have a frusto-conicai shape. In such an 
embodiment, the diffuser plate 1405 may provide less obstruction to the flows of nitrous 
oxide and additional fuel. In one embodiment, the diffuser plate 1405 is angled relative 
to the central axis 1450 at about 5 degrees to about 90 degrees. More preferably, the 
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diffuser plate 1405 may be angled relative to the central axis 1450 at about 10 degrees to 
about 30 degrees. 

The diffuser plate 1405 may also have a bowed shape, waved shape, or other 
shapes, and may be fabricated with holes or radial or angled slots. Such designs may be 
5 selected to promote atomization and homogenization or to promote swirl flow, mixed 
swirl and tumble flow, or other flow types in the nitrous oxide/ fuel mixture. The 
diffuser plate 1405 may be made as a separate part that is pressed, welded, brazed or 
otherwise attached to the end of the nozzle. Alternatively, the diffuser plate 1405 may 
be part of a single casting from which the remainder of the nozzle is fabricated. 

10 Referring now to Figures 15A through 15E, there is shown a one piece 

embodiment of the present wherein the first and second outlets 1411, 1412 are radial 
outlets. Radial outlets, as understood herein, are outlets that exit the nozzle in a 
direction that is not approximately parallel with the central axis 1450 of the fuel injector 
passage 1414. Radial outlets may be shaped to provide improved atomization, 

15 homogenization of the fuel and nitrous oxide, and may be shaped to encourage 
different types of flow. 

In the embodiment of Figures 15A through 15E, the first and second outlets 1411, 
1412 are radial outlets and each comprises a rectangular slot opening radially (i.e., in a 
plane orthogonal to the central axis 1450) to the side of the nozzle. In one embodiment, 

20 the first an second outlets 1411, 1412 have a width Wo (measured in a plane orthogonal 
to the central axis 1450) of about 0.050 inches to about 0.150 inches, and more preferably 
of about 0.100 inches. In various embodiments, the first an second outlets 1411, 1412 
may have a height ho (measured in a plane parallel with the central axis 1450) of about 
0.010 inches to about 0.040 inches, and more preferably of about 0.020 inches. 

25 Naturally, the first and second outlets may be have other shapes and sizes, and may be 
shaped and sized differently from one another. 

The embodiment of Figures 15A through 15E may be fabricated by casting the 
nozzle as a single piece, or by machining the nozzle. In some instances, it may be 
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necessary to block off holes or openings created during the manufacturing process. For 
example, it may be desirable to locate portions of the first and second auxiliary passages 
1401, 1402 in a position where it would be difficult or impossible to fabricate them 
without removing excess material that is later replaced. In such a case, plugs 1501 may 
5 be inserted into the unwanted openings. The plugs may be threaded fasteners, 

expanding plugs, epoxy resins, friction-fit slugs of material, and so on. The plugs 1501 
may be glued, epoxied, threaded, pressed, peened or otherwise fixed in place. Such 
materials and manufacturing techniques are known in the art, and a skilled artisan will 
be able to employ them with the present invention without undue experimentation in 
10 light of the teachings herein. 

In yet another embodiment of the present invention, the first and second outlets 
1411, 1412 may be radial outlets that are designed to encourage swirl flow in the nitrous 
oxide /fuel mixture. An example of one such embodiment is depicted in Figures 19 A, 
19B and 19C. In the embodiment of Figure 19 A, the first and second outlets 1411, 1412 
15 comprise round (or any other suitable shape) passages that are angled relative to the 
central axis 1450 and relative to the outer surface of the nozzle to provide a helical flow 
of nitrous oxide and additional fuel. 

Referring to Figure 19B, in such an embodiment, the first and second outlets 
1411, 1412 may be angled relative to the central axis 1450 by a first helical angle 0hi of 
20 about 5 degrees to about 90 degrees, and more preferably by about 45 degrees to about 
60 degrees. Referring to Figure 19C, the first and second outlets 1411, 1412 may be 
angled in a plane orthogonal to the central axis 1450 and relative to the outer surface at 
each outlet (i.e., a tangent) by and angle 0H2 of about 0 degrees to about 90 degrees, and 
more preferably of about 40 degrees to about 60 degrees. 

25 Referring back to Figure 15B, in any embodiment of the present invention having 

first and second auxiliary passages 1401, 1402, the passages may be located relative to 
one another about the central axis 1450 in any suitable position. For example, in the 
embodiment of Figure 15C, the first and second passages are located relative to one 
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another about the central axis 1450 by angle 0i,2. The first and second auxiliary 
passages 1401, 1402 may be on opposite sides of the fuel injector passage 1414, such that 
angle 0i,2 may be 180 degrees, as depicted in the embodiment of Figure 19C. In other 
embodiments, angle 0i,2 may be about 10 degrees to about 180 degrees, or about 45 
5 degrees to about 135 degrees. In a preferred embodiment, ©1,2 may be about 90 degrees. 

. Referring now to Figure 21, still another embodiment of a nozzle of the present 
invention is shown and described. Figure 21 is a partially cut-away exploded side view 
of a nozzle 2100 comprising and interior cup 2102, a first annular ring 2104 and a 
receptacle cup 2106. Nozzle 2100 preferably is assembled by fitting the first annular 
10 ring 2104 over the interior cup 2102, then inserting the protruding end of the interior 
cup 2102 into the receptacle cup 2106. The nozzle 2100 preferably is machined from 
aluminum or some other lightweight, machinable and corrosion resistant material, but 
may be made from any other suitable material. In addition, although the embodiment 
of the invention is described here as comprising a number of separate parts, it should be 
| 15 understood that nozzle 2100 may be fabricated from a lesser number of parts, or from a 

single part, particularly if the nozzle 2100 is formed by a casting process. 

The receptacle cup 2106 may be a standard fuel injector receptacle 104 (Figure 1) 
or may be a fitting that is attached to an engine intake at any location suitable for 
providing combustion reactants to the engine. Such attachment may be by any suitable 

20 means, such as welding or threading. In an embodiment in which the receptacle cup 
2106 is a fitting, rather than a standard fuel injector receptacle 104, it may be attached at 
the location of the original fuel injector receptacle 104, or may be attached elsewhere. If 
the receptacle cup is attached elsewhere than the original fuel injector location, then the 
original fuel injector receptacle 104 may be used to provide additional fuel to the engine 

25 or blocked off. 

The three parts of the nozzle 2100 may be attached to one another by welds or 
bonds, as described elsewhere herein, or may be held in place by any other suitable 
means. One or more of the various parts comprising nozzle 2100 may be removable to 
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facilitate cleaning or modification. For example, the interior cup 2102 may engage with 
the receptacle cup 2106 by matching external and internal threads (not shown) located 
on the outer surface 2108 of the interior cup 2102 and the inner surface 2110 of the 
receptacle cup 2106, respectively. Such threads may be desirable when the receptacle 
5 cup 2106 is welded or threaded into an engine intake to facilitate removal of portions of 
the nozzle 2100 from the engine. Alternatively, the interior cup 2102 may be fitted into 
the receptacle cup 2106 by o-rings or other gasketing devices. This particular 
attachment means may be preferred in an embodiment in which the receptacle cup 2106 
is an existing fuel injector receptacle 104 in an engine, in which case the outer surface 
10 2108 may have the appropriate fuel injector profile for insertion into the receptacle cup 
2106. In either of the cases described herein, the first annular ring 2104 may be attached 
to either the interior cup 2102 or the receptacle cup 2106, or may be removable from 
both cups. 

One or more seals, such as an o-ring 2112, may be incorporated into the nozzle 
15 2100 at various locations to seal against the escape of combustion reactants or the intake 
of air or other fluids during use, as will be understood by those skilled in the art. The 
necessity of such seals may depend on the manner in which the various parts of the 
nozzle 2100 are assembled. 

The interior cup 2102 comprises a central fuel injector passage 2114 that is 
20 surrounded by a plurality of first auxiliary passages 2116. The fuel injector passage 
2114 extends from a fuel injector receptacle 2118 at the cup's inlet end 2120 to the cup's 
outlet end 2122, and is adapted to pass fuel therethrough. The shape of the fuel injector 
passage 2114 may be adapted to facilitate or optimize fuel flow, such as by tapering or 
flaring the fuel injector passage 2114 at various locations, as will be understood by those 
25 skilled in the art. The fuel injector receptacle 2118 may be shaped to receive any 

conventional fuel injector, as described elsewhere herein, or may be shaped to receive 
fuel or combustion reactants from any other type of fuel delivery system, as will be 
understood by those skilled in the art. 
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In a preferred embodiment, the fuel injector passage 2114 extends generally 
along a central axis 2198, and the first auxiliary passages 2116 are arranged in an 
annular pattern around the central axis 2198, and positioned radially outward of the 
fuel injector passage 2114. Figure 22 is a cross-sectional bottom view of the interior cup 
5 2102 of Figure 21, showing the preferred arrangement for the first auxiliary passages 
2116. 

The first auxiliary passages 2116 are adapted to pass a first combustion reactant 
from a first auxiliary input location 2124 to the outlet end 2122 of the interior cup 2102. 
The first auxiliary input location 2124 is located at one end of the first auxiliary 

10 passages, and preferably is located proximal to the outer surface 2108 of the nozzle 

2100. In the preferred embodiment shown in Figure 21, the first auxiliary passages 2116 
may be substantially parallel to the outer surface 2108, and the first auxiliary input 
location may be an annular groove 2126 cut in the outer surface 2108 to access the first 
auxiliary passages 2116. In other embodiments, the first auxiliary passages 2116 may be 

15 angled to the outer surface 2108 so that the annular groove 2126 may not be as deep or 
may not be necessary. 

The first combustion reactant is conveyed to the first auxiliary input location 
2124 by the first annular ring 2104. A bottom cross-section view of the first annular ring 
2104 of Figure 21 is shown in Figure 23. The first annular ring 2104 has a first auxiliary 

20 input port 2128 that is adapted to convey the first combustion reactant to the interior of 
the ring. The first auxiliary input port 2128 preferably comprises a structure as 
described herein with reference to the middle and exterior cup fitting bosses 324, 424. 
The first annular ring 2104 may further comprise a first inner annular groove 2130 that 
is provided to convey the first combustion reactant around the perimeter of the outer 

25 surface 2108 of the interior cup 2102 to all of the first auxiliary passages 2116. An inner 
annular groove 2130 may not be necessary in all embodiments employing an annular 
groove 2126 in the interior cup 2102. 
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The number and size of the first auxiliary passages 2116 may be selected to 
optimize the relative amounts of fuel and first combustion reactant that are provided to 
the engine. Increasing the number of passages and/ or the diameter of each passage 
generally will provide a greater relative amount of combustion reactant, and vice versa, 
5 as will be apparent to those skilled in the art. 

In a preferred embodiment, the fuel injector passage has a diameter Dfi of about 
0.250 inches to about 0.750 inches, an more preferably of about 0.375 inches to about 
0.625 inches, and most preferably about 0.450 inches to about 0.550 inches. In this 
preferred embodiment, the first combustion reactant is nitrous oxide, and there may be 

10 between about 2 and about 16 first auxiliary passages, and more preferably between 
about 5 and about 12 first auxiliary passages, and most preferably, the nozzle 2100 
comprises 7, 8 or 9 first auxiliary passages. In this preferred embodiment, the first 
auxiliary passages 2116 each have a diameter Dia of about 0.020 inches to about 0.100 
inches, and more preferably about 0.040 inches to about 0.080 inches, and most 

1 5 preferably about 0.060 inches. 

Referring now to Figures 24 and 25, in another embodiment of the invention, the 
nozzle of Figure 21 may be adapted to have a set of second auxiliary passages 2416 that 
are adapted to provide a second combustion reactant to the engine. The second 
auxiliary passages 2416 preferably have a design that is substantially similar to the first 
20 auxiliary passages 2116, and operate in a substantially similar manner. The 

embodiment of Figure 24 is shown with an exemplary fuel injector 102 installed into it, 
and with the receptacle cup 2106 joined to an intake plenum 106 by a weld 2401. 

In an embodiment having first and second auxiliary passages 2116, 2416, the 
second auxiliary passages 2416 preferably are positioned in an annular pattern around 
25 the central axis 2198 of the fuel injector passage 2114, and radially outward of the first 
auxiliary passages 2116. A second annular ring 2404 having a second auxiliary input 
port 2428 may be provided to supply the second combustion reactant to the second 
auxiliary passages in a manner substantially similar to that described with reference to 
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the first annular ring 2104. Alternatively, a single partitioned annular ring (not shown) 
having two separate auxiliary input ports may be used to supply the first and second 
combustion reactants to first and second auxiliary input locations 2124, 2424. 

As with the first auxiliary passages 2116, the number and size of the second 
5 auxiliary passages 2416 may be selected to optimize the amount of second combustion 
reactant that is provided to the engine. In a preferred embodiment, the second 
combustion reactant is nitrous oxide or fuel, and there may be between about 2 and 
about 16 second auxiliary passages, and more preferably between about 5 and about 12 
second auxiliary passages, and most preferably, the nozzle comprises 7, 8 or 9 second 
10 auxiliary passages. In this preferred embodiment, the second auxiliary passages 2116 
each have a diameter D2A of about 0.020 inches to about 0.100 inches, and more 
preferably about 0.040 inches to about 0.080 inches, and most preferably about 0.060 
inches. 

The embodiments described herein may be used to provide one or more 
combustion reactants to an internal combustion engine by providing a nozzle having a 
fuel injector passage terminating at an injector outlet, one or more first auxiliary 
passages terminating at first outlets, and one or more second auxiliary passages 
terminating at second outlets. The nozzle may be associated with the engine such that 
fuel is provided from a fuel injector through the fuel injector passage, nitrous oxide is 
provided through the first auxiliary passage, and additional fuel or nitrous oxide is 
provided through the second auxiliary passage. Of course, it will be understood that in 
other embodiments, the nozzle may have only one auxiliary passage, one annular 
passage or one set of auxiliary passages. 

Other embodiments, uses and advantages of the invention will be apparent to 
15 those skilled in the art from consideration of the specification and practice of the 

invention disclosed herein. For example, an embodiment may be fabricated from fewer 
or more than three separate cups, or an embodiment may be constructed having more 
or less than two annular passages, or an embodiment may be fabricated having an 
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inoperative ("blanked") annular passage, and so on. The present invention may also be 
used with single point fuel injection systems by placing an embodiment of the invention 
between the single point fuel injector and its receptacle in the engine. The specification 
should be considered exemplary only, and the scope of the invention is defined by the 
5 following claims. 
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